tients having proved muscular subaortic stenosis were members of only two families. Brachfeld and Gorlin2 reviewed the subject of subaortic stenosis and reported two cases with predominantly muscular obstruction. Goodwin and associates8 suggested the name "obstructive myocardiopathy," stating that this massive muscular hypertrophy could obstruct the inflow and outflow of blood in both the right and left ventricles. Most recently, Braunwald and co-workers12 presented a study of 14 Phonocardiogram, (case 6). Note character of the murmur, the third and fourth heart sounds, and the bisferious character of the carotid pulse tracing.
urement was taken at a point of average thickness as suggested by Saphir.13 The septal width was then divided by the thickness of the left ventricle in an attempt to establish a ratio between the two.
A control series of 50 hypertrophied hearts and 20 apparently normal hearts were evaluated similarly. These hearts were selected in consecutive order at necropsy.
Sections for microscopic study were taken from the area of obstruction and from a similar area in the control group. These sections were prepared with hematoxylin and eosin and elastic van fig. 4 ). Systolic gradients across the region of the aortic valve in the seven cases varied from 64 to 135 mm. In every instance an anacrotic notch was evident on the ascending limb of the left ventricular pressure curve. In six of the seven cases the aortic curve showed a rapid upsweep of the percussion wave (less than 0.13 second) with a delayed or bisferious form and a good dierotic notch ( fig. 5 ). In the seventh instance central arterial pulse tracings were not recorded. Ventricular end diastolic pressures were elevated in five of the seven cases. The highest was 29 mm. and the lowest, 18 mm. Equivocally elevated pulmonary artery pressures were noted in the two instances in which they were recorded. Left atrial contraction waves also were noted in these two cases. In five cases a single extrasystole and compensatory pause could be demonstrated. The systemic arterial tracings in each of these revealed that the beat that followed the compensatory pause had a smaller pulse pressure than the control values for that patient ( fig. 6 ). cantly so that it formed a ledge at the junction of the muscular and membranous septa ( fig. 8 ). In the other two cases the upper septum showed diffuse thickening but with less bulging of the superior edge. In the three cases the thickness 1.5 em. from the junction of the muscular and membranous septa was 2.8, 3 .0, and 3.1 cm. The fig. 9 ).
The weights of the 50 hypertrophied hearts ranged from 500 to 1,122 Gm. The thickness of the left ventricle varied between 1.1 and 2.0 em., the average being 1.7 em. The mean width of the upper muscular septum was 1.65 em., with a range of 1.0 to 3.0 em. The average ratio of the septal width to the thickmiess of the left ventricle was 0.98. This ratio exceeded 1 
Roentgenograms and Electrocardiograms
The absence of aortic valvular calcification and poststenotic dilatation of the ascending aorta have been used previously as diagnostic aids to distinguish valvular from subvalvular aortic stenosis.2 1 17 The younger age of some patients with diffuse muscular obstruction makes the absence of calcium in the aortic valve a less significant guide. A normal appearing ascending aorta, however, is of great diagnostic help. Advanced left ventricular hypertrophy is a constant x-ray finding, and frequently left atrial enlargement is suspected. Similarly, the electrocardiogram discloses an enlarged left ventricle and not uncommonly it suggests left atrial hypertrophy.
Anomalous atrioventricular excitation, although reported in one series,12 was not found in any of our preceding cases. The experience of other authors, in addition to our experience in one case mentioned herein, indicates that angiocardiography is a reliable method of demonstrating the region of obstruction.'2
Hemodynamics
The diagnosis of muscular subvalvular obstruction can be confirmed accurately by cardiac catheterization. The most reliable criterion is the presence of a zone of reduced systolic pressure in the infundibulum of the left ventricle (table 1). As the catheter is withdrawn across the narrowed outflow area the systolic pressure drops, but the diastolic pressure remains unchanged. When the aortic valve is traversed, the diastolic pressure rises but systolic levels remain unaltered. This phenomenon also has been described in patients with proved fibrous subaortic stenosis. Not uncommonly, a small gradient also may occur between the right ventricle and the pulmonary artery.
Consistently, in this series, a notch appeared on the ascending limb of the left ventricular pressure tracing. The exact mechanism for this phenomenon is not clear. It may be that blood is ejected at the inception of systolic contraction, as it is in the normal heart. HowCirculation. Volume Unlike the prolonged ascent of the central arterial pulse in aortic stenosis, patients with muscular obstruction demonstrate a rapid systolic upstroke. Commonly, the aortic curve has a secondary peak or what Brachfeld and Gorlin2 called a " tidal wave " form. The sharp systolic upsweep and the initial peak occur with early systolic contraction. Obstruction (with the resulting trough) follows and then the delayed ejection of blood occurs causing the secondary or tidal form.
After an extrasystole and a compensatory pause, five patients in this study exhibited a compensatory beat which in each case had a smaller pulse pressure than the control values for that patient. This is in contradistinction to the normal heart, in which one would anticipate a larger pulse pressure in the compen- force of the compensatory beat forces the thickened musculature ever closer together. The severity of the outflow obstruction increases and the left ventricular stroke volume is reduced. Pulsus alternans, an elevated pulmonary artery pressure, and left atrial contraction waves are findings that may occur with varying frequency and degree. Elevated end diastolic pressures in the left ventricle occurred fairly consistently in inany of these cases, and may have been, as Braunlwald and co-workers12 suggested, the result of decreased compliance of the left ventricle.
Three patients (only one of whom is included in this study) did not demonstrate a left ventricular-aortic gradient at the time of surgical exploration. Preoperatively each had a significant gradient as well as other characteristic clinical and laboratory evidence of muscular subvalvular obstruction. In one case surgical correction was deferred, but at a later date this patient was examined at the National Heart Institute* where surgical exploration revealed diffuse muscular obstruction. nosis of mitral insufficiency, was operated on at the clinic. A systolic gradient of 70 mm. had been demonstrated across the region of the aortic valve, but none was evident at the time of operation. The surgical approach through the interatrial septum revealed a normal appearing mitral valve with a mild degree of regurgitation. In retrospect, the classic catheterization findings coupled with persistent symptoms and signs after operation suggest that the primary lesion was actually muscular subaortic obstruction. The third patient was found to have a consistent preoperative gradient of 100 mm. However, this could not be confirmed at operation. Exposure through a left ventricular incision revealed typical muscular subvalvular stenosis.
The reason for the disappearance of the gradient remains elusive. Condon and Lee19 described a patient with tetralogy of Fallot with infundibular pulmonic stenosis whose obstruction appeared to be relieved by cyclopropane anesthesia. It may be that when the patient is under anesthesia there is a reduction in cardiac output and in the force of systolic contraction. As a result the septum and left ventricle may not become so tightly approximated and the "functional" obstruction may diminish or disappear entirely.
Braunwald and associates"2 noted the association of mitral insufficiency in 11 of the 12 cases of hypertrophic subaortic stenosis. They also found evidence suggesting mitral stenosis in one instance. average ratio of septal width to left ventricular thickness was 1.0, and in only a single instance did it exceed 1.25. This unusual thickness occurred coincidentally in a patient with a stenotic bicuspid aortic valve. In the event that this man had had a successful repair of his aortic valve, a significant residual obstruction probably would have developed.
These measurements indicate that knowledge of the relative width of the muscular septum and left ventricle helps significantly in establishing the diagnosis of muscular subvalvular obstruction. If the septal-ventricular ratio at necropsy exceeds 1.3, the presence of obstruction to left ventricular ejection prior to death should be suspected.
Some anatomic variation was observed in Figure 11 Section of upper muscular septum in case 4 (elastic van Gieson).
the three hearts evaluated at necropsy. In each case the muscular interventricular septum was diffusely thickened and subvalvular endocardial sclerosis was advanced. In one instance, however, the superior aspect of the septum formed a shelf that created the impression of greater apparent bulging of the upper septum into the outflow area. This latter case seems analogous to the concentric hypertrophy of the left ventricular outflow tract described by Brock5 and appears similar to one of the cases photographed in the series reported by Brent and The cause of muscular subvalvular aortic obstruction remains a subject for conjecture. In none of the cases presented herein was there evidence to suggest that prenatal or postnatal factors were contributory. In the absence of any significant microscopic alteration, inflammation also would not seem a probable cause. The early sudden death from heart disease of the mothers of two patients further confirms suggestions previously made in the literature that this may be a familial disease. 9, 10 12 However, the absence of any familial incidence in the other six cases detracts from this hypothesis.
Braunwald and associates12 similarly described patients with and without significant family histories. In addition, they reported that murmurs had been heard shortly after birth in three patients; they classified these cases as congenital in origin. Although not included in the preceding series, we also have studied three patients in whom this disease was noted at birth.20 Clinical studies in two revealed combined subvalvular aortic and infundibular pulmonic stenosis. The third was a stillborn infant. Anatomic evidence of biventricular obstruction of outflow was confirmed in all three-two at necropsy and one at surgical exploration. In each case there was hypertrophy of both ventricles with an enlarged crista supraventricularis and a greatly thickened muscular septum. In the two cases in which specific measurements were obtained the septal-left ventricular ratios were greater than 2. These cases may represent a variant or simply a greater degree of the disease process that produces the muscular obstruction of left ventricle we have described.
It would be an assumption to state that the gross thickening of the septum in these patients represents only cardiac hypertrophy of overwork. The asymmetric distribution of the muscle suggests that the primary abnormality actually may be developmental in origin. Perhaps for reasons unapparent, an abnormal amount of muscle becomes incorporated into the intraventricular ridge as it forms during the second gestational month. As a result, the Necropsy specimens reveal a grossly thickened interventricular septum as compared with normal and hypertrophied control hearts. Microscopic alterations are minimal. The etiology remains obscure but familial and developmental factors, either or both, appear to be implicated.
